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ABSTRACT 



To provide a cross-flow fan that is ideal for use in an excimer 
laser device or fluoride laser device that is capable of 
high-speed rotation, that has high mechanical strength even 
at high-speed rotation and that does not suffer deformation, 
a rotating shaft is mounted passing through the center of 
cross-flow fan for a discharge excitation gas laser device. 
Use of the rotating shaft facilitates alignment of the rotating 
shaft and high-speed rotation is possible because the 
mechanical strength is raised. Furthermore, magnetic bear- 
ings can be used since misalignment does not develop. The 
flow velocity is not adversely affected even if a rotating 
shaft, as noted above, is utilized since a cross-flow fan for 
gas circulation in an excimer laser device is used under 
high-head, low-flow velocity conditions. Deformation due 
to shaft weight can be reduced since the weight of the 
rotating shaft can be lowered by providing a hollow section 
within-the rotaiiDg-shaft, auu ibai'increases^me "inherent 
oscillation frequency which permits still higher speeds. 



Diagram that shows the structure of a cross-flow fan for gas circulation in an 
embodiment of the present invention. 
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Diagram that shows the structure of a cross-flow fan for gas circulation in an 
embodiment of the present invention. 
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FIG, 1 



Diagram showing measurements of the gas flow rate versus the speed of 
rotation of a cross-flow fan in this embodiment 
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Diagram showing results of measuring the vertical vibration acceleration in a 
laser chamber versus the speed of rotation of a cross-flow fan 
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FIG. 3 



Cross-sectional view of hollow rotating shaft mounted in a cross-flow fan in 
an embodiment of the present invention. 
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Hollow rotating shaft 30 
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FIG. 5 



Cross-sectional view of the basic structure of a chamber of an excimer laser 
device using magnetic bearings and a hollow rotating shaft 
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Schematic diagram showing the interior of a laser chamber in an excimer 
laser device. 
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Cross-sectional view of a cross-flow fan housed in a casing 
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Example of misalignment of cross-flow fan rotating shaft. 
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FIG. 9(a) 
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CROSS-FLOW FAN FOR DISCHARGE EXCITED 
GAS LASER 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of Invention 

[0002] The present invention concerns a cross-flow fan for 
circulating gas between electrodes in a discharge excited gas 
laser, especially the structure of a cross-flow fan that is used 
at high-speed rotation; high total pressure (high head), low 
flow velocity. 

[0003] 2. Description of Related Art 

[0004] Enhancement of resolution is sought in projection 
exposure equipment with miniaturization and higher inte- 
gration of semiconductor integrated circuits. For this reason, 
the contraction of the wavelength of exposure light emitted 
from an exposure light source has been promoted, and the 
adoption of excimer laser devices and fluoride laser devices 
that emit light having a shorter wavelength than that of 
conventional mercury lamps has commenced as the light 
source for semiconductor lithography. 

[0005] FIGS. 7(a) & 7(b) are schematic diagrams showing 
the interior of a laser chamber in an excimer laser device. 
Here, FIG. 7(b) is a diagram viewed from direction A in 
FIG. 7(a). 

[0006] A pair of main discharge electrodes 2, 2' are 
mounted within laser chamber 1 of an excimer laser device 
facing each other at a prescribed separation extending in the 
direction of the laser light axis. Laser gas, such as fluorine 
(FJ and argon (Ar) are enclosed at several hundred kPa 
within the laser chamber. 

[0007] Laser gas, which is the laser medium, is excited by 
the development of discharge following imposition of a 
high-voltage pulse having a fast rise to the main discbarge 
electrodes 2, 2'. 

[0008] An output mirror (not illustrated) and a line-nar- 
rowing optical system (not illustrated) are disposed before 
and after laser chamber 1, respectively, and the line-narrow- 
ing optical system implements wavelength stabilization of 
the central wavelength and narrows the spectral width of the 
laser beam to avoid the problem of chromatic aberration in 
the exposure optical system of exposure equipment. The 
output mirror and the line-narrowing optical system com- 
prise a laser resonator. 

[0009] The light emitted from the windows (not illus- 
trated) that are mounted in side plates A, B of laser chamber 
1 when laser gas is excited is amplified by the laser resonator 
and emitted from the output mirror of the laser resonator as 
a laser beam. 

[0010] High repetition rates at several kHz of discharge is 
demanded to increase the throughput of the excimer laser 
device that is used as the light source for exposure. However, 
thermal disturbance and acoustic disturbance (shock waves, 
etc.) occur in the main discharge space after main discharge 
occurs. The subsequent discharge becomes unstable if this 
state persists, and arc discharge occurs between the main 
electrodes which destabilizes laser output. 

[0011] The gas in the main discharge space must be 
replaced before the subsequent discharge takes place to 
avoid such deficiencies. To this end, a cross-flow fan 3 and 



a deflection plate 4 are mounted within the laser chamber 1, 
as shown in FIGS. 7(a) and 7(£>), and the laser gas within 
laser chamber 1 is circulated at high speed through along the 
path indicated by the arrow in FIG. 7(b) to displace the gas 
between the main discharge 2, 2*. The gas passing through 
the main discharge 2, 2' is cooled by cooling fin tubes 5. 

[0012] Cross-flow fan 3 is a hollow cylindrical fan with a 
plurality of blades disposed in the circumferential direction 
between round side plates. The fan rotates about the central 
axis of the blades which are mounted to the side plates at 
both ends and moves air. For the detailed characteristics of 
the cross-flow fan see, Takefumi DCUI, Masahiro INOUE, 
"Turbo Fan and Compressor", Corona Publishing Co. (First 
edition, Aug. 25, 1978). 

[0013] A cross-flow fan is commonly used as a ventilation 
fan for air conditioning equipment, as shown in the gazette 
of Japanese Kokai Publication Hei-9- 105398. The use of a 
cross-flow fan to circulate gas between long and narrow 
electrodes in an excimer laser device is presented, for 
example, in U.S. Pat. No. 5,870,420. 

[0014] Incidentally, no structures of any kind had been 
desired within conventional cross-flow" fans (for example, 
U.S. Pat. No. 5,870,420). The reasons for that are as follows. 

[0015] FIG. 8 shows a cross-sectional view of a cross- 
flow fan housed in a casing (hereinafter abbreviated "fan"). 
The casing of cross-flow fan 3 comprises a guide wall 6 and 
a partition plate 7. 

[0016] In FIG. 8, a vortex develops near fan 3 when fan 
3 rotates in the clockwise direction, and a swirling current 
due to this vortex as well as a penetrating flow along guide 
wall 6 and partition plate 7 are formed. 

[0017] The air volume of the penetrating flow increases as 
the swirling current increases; but, if a hollow structure is 
not present within fan 3, formation of the aforementioned 
swirling current would be adversely affected and both the air 
volume and the efficiency (efficiency — total pressure power/ 
axial power) would decrease. Accordingly, a rotating shaft is 
usually not mounted within a cross-flow fan. 

[0018] When a rotating shaft is mounted within a fan, as 
stated on p. 303 of the above-mentioned "Turbo Fan and 
Compressor" publication as well, no problem would arise if 
d/D 0.07, wherein the diameter of the rotating shaft is d and 
the outer diameter of the fan is D. 

[0019] An excimer laser and a fluoride laser are pulse 
lasers in which the repetition rate is about 1 kHz. In recent 
years, excimer laser devices or fluoride laser devices have 
come to be used as the light source of steppers, devices for 
semiconductor exposure. The repetition rate should be 
raised (to 2 kHz to 3 kHz or more) to stabilize the amount 
of exposure light and to elevate the throughput so that the 
excimer laser pulse emission or fluoride laser pulse emission 
approaches continuous emission. 

[0020] The above-mentioned repetition rate is raised by 
reducing the interval of the discharges between the elec- 
trodes. Following discharge, density unevenness develops 
due to uneven temperature, the molecular excitation state 
and molecular ionization between electrodes. Upon transit to 
the next discharge with these states persisting, arc discharge 
occurs more readily, and uniform glow discharge cannot 
take place so that the output unstable. 
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[0021] Accordingly, gas in the discbarge section following 
the end of discharge (between the electrodes) must be 
rapidly replaced by fresh gas and the gas flow velocity must 
be raised. Consequently, the cross-flow fan for gas circula- 
tion used in excimer laser devices or fluoride laser devices 
must rotate at high speed. 

[0022] For example, the flow velocity of gas that must 
pass between electrodes is about 10 m/s in a conventional 
excimer laser device for exposure whose repetition rate is 1 
kHz, although this varies with the internal structure of the 
laser chamber (separation between electrodes, position of 
the pre-ionization means (not illustrated), etc.). The fan 
rotational speed to obtain such a flow velocity would be 
about 1000 rpm. 

[0023] The flow velocity of gas that must be circulated 
between electrodes would be about 20 to 30 m/s in an 
excimer laser device whose repetition rate is 2 kHz to 3 kHz, 
and the fan rotational speed required to attain such a flow 
velocity would have to be about 2000 to 3000 rpm. Fur- 
thermore, the fan rotational speed would have to be about 
4000 rpm if the repetition rate were 4 kHz, although that 
varies with the channels that are formed. 

[0024] The following problems arise if a cross-flow fan 
rotates at such high speeds. 

[0025] A load would be imposed on the bearings which 
would bring about severe wear if the rotating shaft is 
misaligned. Accordingly, the bearings would vibrate, and 
that vibration would be transmitted to the laser chamber, 
which would induce vibration of the laser device. Conse- 
quently, the central wavelength of oscillation light would 
fluctuate and the optical axis would shift. Finally, vibration 
of the laser device would be transmitted to the exposure 
device, thereby inducing further problems. 

[0026] There are two causes of such misalignment in 
aforementioned rotating shaft, "misalignment during fan 
production" and "misalignment due to insufficient rigidity 
during high-speed rotation". 

[0027] (1) Misalignment during fan production 

[0028] FIGS. 9(a) & 9(b) show examples of misalignment 
of cross-flow fan rotating shaft. These views show a cross- 
sectional view in the longitudinal direction of the fan. 

[0029] Rotating shaft 3a of fan 3 is mounted as the shaft 
projection through a side plate 3b on both sides of fan 3, as 
shown in FIG. 9(a). Both side plates are positioned by 
ventilation blade 3c and hollow disc 3d that supports the 
blade. 

[0030] In such a structure, precise alignment of the rota- 
tional center of the projecting rotating shaft at both side 
plates during fan production is difficult. Minute misalign- 
ment develops in the rotating shafts as in FIG. 9(a) and FIG. 
9(b). 

[0031] (2) Misalignment due to insufficient rigidity dur- 
ing high-speed rotation 

[0032] The following three forces act on the rotating shaft 
during rotation of fan 3. 

[0033] [1] Deformation due to fan weight. 

[0034] [2] Unevenness of centrifugal force due to the 
weight of parts of the fan and to other differences. 



[0035] [3] Reaction force arising in the fan during 
ejection of air. 

[0036] The cross-flow fan comprises side plate 3b, blades 
3c and hollow disc 3d only, as mentioned above, and 
therefore has limits to its mechanical strength. 

[0037] Laser gas comprising more than 90% neon (Ne) is 
sealed within the laser chamber, especially at pressure of 
about 400 kPa (4 atmospheres). Accordingly, the reaction 
force created by the fan during the ejection of air becomes 
greater than atmospheric pressure, and that leads to still 
more severe conditions for the fan structure. 

[0038] The inventors conducted various experiments 
using conventional cross-flow fans and discovered that the 
mechanical strength of the fan cannot bear the forces men- 
tioned above when the speed of rotation of a cross-flow fan 
reaches high speeds (for example, 4000 rpm or more). This 
leads to overall structural deformation of the fan which 
increases misalignment of the rotating shaft and that, in turn, 
increases vibration of the fan. As vibration of the fan 
increases, that vibration is transmitted to the laser chamber, 
causing the laser device to vibrate, as mentioned above, and 
that brings about deviation in the optical axis and fluctuation 
in the central wavelength of oscillated light 

[0039] On the other hand, the excimer laser device or 
fluoride laser device has a structure in which high pressure 
is applied between narrow discharge 2, 2', as shown in 
aforementioned FIG. 7, to circulate an air current. The 
conditions of use of a cross-flow fan are such that the total 
pressure is high (high head) while the flow velocity is low. 
This is contrary to the conditions of use in air-conditioners, 
etc., (i.e., low head and high flow velocity are commonly 
required in air-conditioners). Specifically, the conditions of 
cross-flow fan use differ completely between air-condition- 
ers and excimer laser devices or fluoride laser devices so that 
efficient gas circulation cannot necessarily be accomplished 
even if cross-flow fans used in conventional air-conditioners 
are used unchanged for gas circulation in excimer laser 
devices. 

SUMMARY OF THE INVENTION 

[0040] The present invention was devised in light of 
aforementioned conditions. The purpose is to provide a 
cross-flow fan that does not need an alignment of the 
rotating shaft when manufacturing and that is capable of 
high-speed rotation and that is ideally used in excimer laser 
devices and that does not suffer deformation even at high- 
speed rotation because of its great mechanical strength. 

[0041] The inventors have conducted various experi- 
ments, the results of which revealed that the flow velocity is 
not adversely affected under high-head, low-flow-rate use 
conditions if a rotating shaft of diameter d is mounted in a 
cross-flow fan such that d/D 0.07 (d: diameter of rotating 
shaft, D: fan outer diameter). 

[0042] In addition, rotating shaft diameter d exceeding 
d/D 0.13 would be desirable in the case of a cross-flow fan 
capable of high-speed rotation (for example, 4000 rpm) used 
in an excimer laser device or fluoride laser device in which 
the repetition rate of the laser pulse is high because of the 
relation with the axial strength. 

[0043] The above-mentioned problems are solved in the 
present invention based on aforementioned facts as follows. 
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[0044] (1) A rotating shaft piercing the center of a 
cross-flow fan is mounted in a cross-flow fan for a 
discbarge excitation gas laser. 

[0045] (2) A hollow section is provided within the 
rotating shaft in (1). 

[0046] (3) When the outer diameter of the cross-flow 
fan in (1) and (2) is taken as D and the diameter of the 
rotating shaft is taken as d, the relationship would be 
d/D 0.13. 

[0047] Alignment of the rotating shaft is facilitated by 
mounting a rotating shaft that pierces the cross-flow fan as 
in (1) above, and high-speed rotation is possible since the 
mechanical strength is high. 

[0048] In addition, deformation due to weight of the shaft 
itself can be reduced since the rotating shaft weight can be 
reduced by providing a hollow section in the rotating shaft 
as in aforementioned (2). Accordingly, even higher speeds 
can be attained by a hollow rotating shaft that has a greater 
inherent oscillation frequency as compared to a solid rotat- 
ing shaft. 

[0049] Furthermore, the use of magnetic bearings 
becomes possible since the misalignment of the rotating 
shaft is reduced as a result of mounting the rotating shaft, 
and still higher speeds can be realized. 

[0050] The inherent oscillation frequency of a cross-flow 
fan can be raised by setting d/D 0.13 as indicated in (3) 
above, and resonance can be eliminated even at maximum 
rotational speed exceeding 4000 rpm. 

BRIEF DESCRIPTION OF DRAWINGS 

[0051] FIG. 1 is a diagram showing the structure of a 
cross-flow fan in an embodiment of the present invention. 

[0052] FIG. 2 is a graph that shows the results of mea- 
suring the gas flow velocity relative to the speed of rotation 
of the cross-flow fan in the FIG. 1 embodiment. 

[0053] FIG. 3 is a graph of the results of measuring the 
vertical vibration acceleration in the laser chamber relative 
to the speed of rotation of a cross-flow fan. 

[0054] FIG. 4 is a cross-sectional view of the hollow 
rotating shaft mounted in a cross-flow fan in the embodi- 
ment of the present invention. 

[0055] FIG. 5 is a perspective view showing another 
example of a hollow rotating shaft. 

[0056] FIG. 6 is diagram showing the basic structure of 
the chamber of an excimer laser device using magnetic 
bearings and a hollow rotating shaft. 

[0057] FIGS. 7(a) & 7(b) are schematic diagrams that 
show the interior of a laser chamber of an excimer laser 
device in longitudinal and transverse sectional views, 
respectively. 

[0058] FIG. 8 is a cross-sectional view of a cross-flow fan 
housed in a casing, only a portion of which is shown. 

[0059] FIGS. 9(a) and 9(b) are diagrams that show 
examples of misalignment of the rotating shaft of a cross- 
flow fan. 



DETAILED DESCRIPTION OF THE 
INVENTION 

[0060] FIG. 1 is a diagram that shows the structure of a 
cross-flow fan for gas circulation in an excimer laser device 
of one embodiment of the present invention in a cross- 
sectional view in the longitudinal direction of cross-flow fan 
3. 

[0061] Rotating shaft 3a pierces fan 3 in the cross-flow fan 
of this embodiment, as shown in the figure. Rotating shaft 3a 
is a column that is centered to high precision and worked. 
Side plate 36 and hollow discs 3d which support blade 3c are 
fixed to the rotating shaft 3a with support board 3e. 

[0062] A cross-flow fan for gas circulation in an excimer 
laser device in which rotating shaft 3a pierces fan 3, as 
shown in FIG. 1, was produced and its performance was 
compared with that of a conventional fan of similar size 
having a hollow interior Fans were produced which varied 
in terms of the outer diameter D and the diameter d of the 
rotating shaft, as shown in Table 1. 



TABLE 1 


D (mm) 


d (mm) 


d/D 


120 


23 


0.19 


150 


30 


0.20 



[0063] FIG. 2 shows the gas flow velocity (m/s) versus the 
speed of rotation (rpm) in the case of a fan having a rotating 
shaft that pierces as shown in this embodiment and in which 
the diameter D=120 mm and the diameter d=-23 mm (d/D- 
0.19). The figure indicates the results of measuring the gas 
flow velocity within the laser chamber after mounting a 
cross-flow fan of 600 mm length in the axial direction within 
the laser chamber of the excimer laser device shown in FIG. 
7. The gas flow velocity at 4000 rpm was unchanged from 
that of a conventional fan. 

[0064] Furthermore, FIG. 3 shows the magnitude of vibra- 
tion of a laser chamber to which a fan is attached. In the 
diagram, the abscissa represents the speed of rotation (rpm) 
of the fan while the ordinate represents the vertical vibration 
acceleration (m/s 2 ) within the chamber. The diagram shows 
the characteristics of a conventional fan (curve 1) that lacks 
a piercing rotating shaft and a fan of this embodiment that 
has a piercing rotating shaft (curve 2). The fan has diameters 
D=120 mm and d«23 mm with a 600 mm length in the axial 
direction. In addition, the conventional example was iden- 
tical with this embodiment other than for the fact that the 
rotating shaft did not pierce the fan interior. As indicated by 
the results shown in FIG. 3, the vibration acceleration could 
be reduced by about V£ as compared to the conventional 
example. 

[0065] In the past, as explained above, no problem arises 
if d/D 0.07, taking rotating shaft diameter as d and fan outer 
diameter as D, when a rotating shaft is mounted within a 
cross-flow fan. Specifically, adverse effects result if d/D 
0.07, but the gas flow velocity does not change from that of 
a conventional fan even if a central shaft of d/D-0.19 is 
mounted in aforementioned embodiment under conditions 
of low flow velocity and high head as in a laser chamber. 

[0066] Incidentally, the fan would vibrate greatly due to 
resonance if the speed of rotation of the cross-flow fan is 
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consistent with the inherent oscillation frequency of the fan. 
Accordingly, the inherent oscillation frequency must be 
increased as much as possible relative to the maximum 
speed of rotation of the fan. In general, the speed of rotation 
of a fan should be under 70% of the speed corresponding to 
the inherent oscillation frequency. 

[0067] The oscillation frequency corresponding to a 4000 
rpm speed of rotation is about 67 Hz. Accordingly, if the 
maximum speed of rotation of a fan is 4000 rpm, the 
inherent oscillation frequency of the fan should exceed 95 
Hz when the speed of rotation of a fan is assumed to be 
below 70% of the speed corresponding to the inherent 
oscillation frequency. 

[0068] Thus, the diameter d of the rotating shaft was 
computed for the case in which the axial length of a 
cross-flow fan is equal to the electrode length of an excimer 
laser so that the inherent oscillation frequency would exceed 
95 Hz. For example, the following would apply to maintain 
the inherent oscillation frequency above 95 Hz when the 
electrode length of an excimer laser is 600 mm and the 
material .comprising the rotatin g shaft is stainless steel. Here, 
d is the diameter of the rotating shaft as above while D 
represents the outer diameter of the fan. 

[0069] If the fan diameter is 120 mm. d/D 0.16 

[0070] If the fan diameter is 150 mm. d/D 0.13 

[0071] Specifically, the inherent oscillation frequency 
could be maintained above 95 Hz if d/D exceeds 0.13 even 
if the fan diameter is 150 mm. 

[0072] The reasons that the efficiency and the air current 
do not decline as compared to a conventional fan even when 
using a cross-flow fan whose rotating shaft pierces the fan 
interior remain unclear. However, the following supposition 
is believed to be valid. 

[0073] High pressure is imposed between narrow elec- 
trodes in an excimer laser device and air current is circu- 
lated. Specifically, the conditions of use of aforementioned 
cross-flow fan are high total pressure (high head) and low 
flow velocity. The conditions of use in an air-conditioner are 
the opposite of this, specifically, low head and high flow 
velocity. 

[0074] When a cross-flow fan is used under high-head, 
low-flow-rate conditions, the magnitude of the swirling 
current creating the air current shown in FIG. 8 would 
decrease as compared to use under low-head high-flow-rate 
conditions, and the position also would shift downward in 
the figure. The effects on swirling current formation would 
be slight even if the rotating shaft were within the fan. 

[0075] Misalignment of the rotating shaft does not arise 
during fan assembly since a rotating shaft that pierces the 
interior of a cross-flow fan is mounted as noted above in this 
embodiment Furthermore, the magnitude of the misalign- 
ment of the rotating shaft itself is dependent on the coaxi- 
ality of both ends of the shaft and on its straightness. The 
coaxiality and the straightness can be maintained by raising 
the precision of the conventional machining techniques. 
Accordingly, misalignment can be prevented. Furthermore, 
the mechanical strength of the fan can be adequately raised 
since the side plates or hollow discs that support the blades 
can be fixed to the rotating shaft. 



[0076] The use of a solid shaft as the rotating shaft that 
pierces the cross-flow fan interior was explained in above 
embodiment; but, the speed of rotation of the fan can be 
raised still higher by "hollowing out the interior of the 
rotating shaft" and by "using magnetic bearings for the 
rotating shaft." 

[0077] Embodiments in which (1) the interior of the 
rotating shaft is hollow and (2) magnetic bearings are used 
for the rotating shaft are explained below. 

[0078] (1) The interior of the rotating shaft is hollow 

[0079] As indicated above, the inherent oscillation fre- 
quency of the fan should exceed 95 Hz when the maximum 
speed of rotation is 4000 rpm. The inherent oscillation 
frequency of the fan is dependent on the amount of defor- 
mation of the rotating shaft (due to its own weight), and the 
amount of deformation of the rotating shaft of the fan must 
be reduced to increase the inherent oscillation frequency. A 
rigid rotating shaft with little deformation must be used to 
reduce the amount of deformation. However, "rigid" means 
that the rotating shaft must be "thick" and "heavy." If the 
rotating sh aft is - thick," the conce m a rises th at the swirling 
current developing during ventilation would be greatly 
affected. Furthermore, if it is "heavy," the load on the 
bearings would increase and that would wear out the bear- 
ings sooner. Furthermore, the bearings would be enlarged 
and the overall device would also become larger. Thus, the 
weight is reduced by using a hollow rotating shaft in this 
embodiment Weight reduction permits reduction of defor- 
mation due to weight. 

[0080] FIG. 4 is a cross-sectional view of hollow rotating 
shaft 30. The shaft is formed of shaft units 32, 32* that are 
welded at both ends of a cylinder unit 31. The cylinder unit 
31 is fixed to a lathe and the part A (represented by dash lines 
in the diagram) at both edges of the shaft are shaved off from 
shaft unit 32 while aligned. 

[0081] The hollow shaft may be structured with a shaft 
that is partially hollowed out, as shown in FIG. 5, to effect 
weight reduction. However, a suitable structure must be 
designed taking into consideration the relationship of the 
load that is applied since the mechanical strength of a hollow 
structure and of a shaft that has been hollowed out is lower 
than that of a solid shaft. 

[0082] (2) Magnetic bearings are used for the rotating 
shaft 

[0083] Magnetic bearings cause the rotating shaft to float 
in the hollow cavity through magnetic repulsion in rotation. 
The use of magnetic bearings in the fan of an excimer laser 
device is presented, for example, in the gazette of Japanese 
Kokai Publication Hei-10-173259 and in U.S. Pat. No. 
5348,089. 

[0084] Magnetic bearings have no friction resistance as 
compared to conventional ball bearings and thus permit 
higher rotational speed. Since they are free from mechanical 
friction, they have a longer life as compared to roller 
bearings. However, since they do not mechanically push 
against the rotating shaft, the rotational balance of the fan 
would be destroyed, leading to vibration, if the shaft were 
even slighdy misaligned. Accordingly, misalignment of the 
rotating shaft must be eliminated to permit the use of 
magnetic bearings for the rotating shaft of the fan. 
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[0085] Misalignment of the rotating shaft during manu- 
facturing can be prevented and misalignment, even during 
high-speed rotation, can be prevented by using a cross-flow 
fan in which the rotating shaft pierces the interior as shown 
in FIGS. 1 & 4 of the embodiment of the present invention. 
Accordingly, the development of problems, including loss of 
rotational balance of the fan and attendant vibration, when 
using magnetic bearings can be reduced. 

[0086] FIG. 6 is a cross-sectional view of the basic 
structure when applying a cross-flow fan using magnetic 
bearings and a hollow rotating shaft that pierces the center 
to the chamber of an excimer laser device. In the figure, a 
laser chamber 1 has a cross-flow fan 3 mounted within it, 
and a hollow rotating shaft 30 pierces the interior of cross- 
flow fan 3. The hollow rotating shaft 30 is supported at both 
ends by magnetic bearings 8, and the magnetic bearings are 
sealed by seal unit 9. Magnetic bearings 8 float hollow 
rotating shaft 30 in the hollow cavity through the use of 
repulsion by magnet 8a and magnet Hb. The discharge 
electrodes and the cooling fin tubes, etc., are omitted in FIG. 
6. 

[0087] The problem of loss of rotational balance by the fan 
and attendant vibration developing can be avoided, even if 
magnetic bearings are used, since hollow rotating shaft 30 
pierces the interior of cross-flow fan 3 in the embodiment 
shown in FIG- 6. Furthermore, the weight can be reduced 
and the bearing load can be lightened since the rotating shaft 
30 is hollow. In addition, the inherent oscillation frequency 
can be raised through reduction of deformation attributable 
to weight. That permits the speed of rotation to be raised 

[0088] An example has been described which uses the 
cross-flow fan of this invention in an excimer laser device. 
However, the invention is not limited to this example and to 
an excimer laser device. It will be obvious to those skilled 
in the art that the cross-flow fan of the invention can also be 
used with any discharge excited gas laser device such as a 
fluoride laser device or the like. 

Effects of Invention 

[0089] The present invention explained above has the 
following effects: 

[0090] (1) Since a rotating shaft that pierces the interior 
of a cross-flow fan is mounted in a cross-flow fan used 



in excimer laser devices or fluoride laser devices, the 
fan can be assembled easily without misalignment of 
the rotating shaft; Furthermore, the flow velocity is not 
adversely affected even if the rotating shaft is mounted 
on a piercing shaft since the conditions of use of the 
cross-flow fan in an excimer laser device or fluoride 
laser device are high head and low flow velocity. 

[0091] (2) The mechanical strength is high and the fan 
does not suffer deformation even at high-speed rotation 
since aforementioned rotating shaft is mounted. In 
addition, the fan can be assembled without misalign- 
ment and misalignment, does not arise during high- 
speed rotation. Accordingly, the bearing load is 
reduced, bearing vibration is lowered, and neither 
deviation of the optical axis nor vibration of the central 
wavelength arise. 

[0092] (3) Shaft deformation is reduced since the 
weight can be reduced by hollowing-out the rotating 
shaft. So the inherent oscillation frequency is raised 
and a high-speed rotation of the fan becomes possible. 

[0093] (4) Misalignment of the rotating shaft does not 
arise dining- manufacture and during high-speed rota- 
tion. Accordingly, magnetic bearings can be employed 
for the rotating shaft and that permits still higher speed 
rotation. 

What is claimed is: 

1. A cross-flow fan for a discharge excited gas laser to 
circulate laser gas between electrodes disposed within a 
laser chamber in which laser gas is circulated, wherein the 
rotating shaft of the cross-flow fan passes through the center 
of said fan. 

2. The cross-flow fan for discharge excited gas laser of 
claim 1 in which a hollow section is created within the 
rotating shaft. 

3. The cross-flow fan for discharge excited gas laser of 
claim 2, in which the outer diameter of the cross-flow fan D 
and the outer diameter of the rotating shaft d are sized in 
accordance with the relationship d/D 0.13. 

4. The cross-flow fan for discharge excited gas laser of 
claim 1, in which the outer diameter of the cross-flow fan D 
and the outer diameter of the rotating shaft d are sized in 
accordance with the relationship d/D 0.13. 

***** 



